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Abstract 
Metal removal mechanism in Electrical Discharge Machining (EDM) is mainly a thermal phenomenon where thermal energy is 
produced in plasma channel, and is dissipated though work piece, tool and dielectric. The process is mostly used in situations 
where machining of very hard materials, intricate parts, complex shapes. The aim of this work is to pursue the influence of four 
design factors current (I), voltage (V), pulse on(Ton), and duty factor (ƞ) which are the most connected parameters to be 
controlled by the EDM process over machining specifications such as material removal rate (MRR) and tool wear rate(TWR) and 
characteristics of surface integrity such as average surface roughness (Ra) and the hardness (HR) and also to quantify them. In 
this paper the experiments have been conducted by using full factorial design 23 with three central point in the DOE techniques 
and developed a mathematical model to predict material removal rate,  average surface roughness and hardness using input 
parameters such as current, voltage, pulse on, and duty factor. The predicted results are very close to experimental values. Hence 
this mathematical model could be used to predict the responses such as material removal rate, and average surface roughness 
effectively within the input parameters studied. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Now – a - days due to need for high strength materials in sophisticated industries and patronaged by the 
advances in the field of Materials science, there has been an increase in the availability and use of different 
machining of materials. EDM is one such process which is widely used to machine electrically conductive materials. 
EDM is a thermo-electric process in which material remotion takes place through the process of controlled spark 
generation. It is one of the most popular non-traditional machining processes being used   in the industries. 
EDM is generally used for mould and Die making industry and in manufacturing automotive, aerospace 
and surgical components. Since there is no mechanical contact between the tool and work piece, therefore frail 
components can be machined without the risk of damage. 
The current work aims to increase the MRR and reduce Ra by using input parameters, to develop a 
mathematical models for perform variables and finally to optimize the process using DOE and MINITAB.   
In the present scenario work Analysis has been detected to deduce MRR and Temperature distribution of 
the work piece surface. 
Erosions  of  metals  was  first  proposed  by  Joseph  Priestily  in  1878 and electric – sparking has been  utilized  
since  long for its by-product, “colloidal  metal  powders”;  but sparks were not used for machining as much until 
late thirties when the tap  dis - integrator  was introduced. 
Lazarenko had the idea of exploiting the destructive effect of electrical discharge and developed a 
controlled process for machining materials that are conductors of electricity. This was in 1943; erosion by electrical 
discharges was born. 
 However, controlled machining by electrical sparks was first coined by LAZRENKO in RUSSIA in 1944. 
The first British patent was given to RUDROFF in 1950. USA, JAPAN and SWIZERLAND made their machines 
just about 1950 After  pioneering  investigations  of  LAZRENKO, the  EDM process  has  attracted  worldwide  
attention as a technique  for  metal  machining  and then  considerable  research  and  development  have  been  
carried out.  
2. Equipment Used For Experiments 
 The equipment used for experiments is ROBOFORM 54 Charmillies Technologies die sinking machine as 
shown in fig.1. It is energised by 128A pulse generator, along with a jet flushing system in order to ensure the 
sufficient flushing of the EDM process debris form the gap zone is worked. Pressure of the dielectric is adjusted 
manually at the initial stage of experiment 
2.1Samples and Tools Preparation 
 All the faces of Cu tool have machined by surface grinding, to have low surface roughness values and for 
good holding in the tool holder. Samples of work segments have made from a plate of 6 mm thick. During 
experiments, care has been taken so that the face of the tool is parallel to the work piece. Weight of the work 
segments and tools has measured, before machining and after machining, on Electronic weighing machine. For 
coding the values of the duty cycle in the levels of -1,0,1 pulse-on time was changed i.e. 25, 50 and 100 μs, by 
keeping the pulse-off time as constant at  25 μs to get levels of 50%, 65% and 80%. Each experiment was carried 
out for a time of 5 minutes. The machine will take the values of the parameters automatically as programmer set. 
Other selecteddesign factors were constant for all the experiments. 
 
 
 
Fig.1: ROBOFORM 54 Die-Sinking EDM Machine.                    TABLE 1 stages selected for the five design factors of the 23 design 
 
Factors Stages 
 −1 0 +1 
I 4 8 12 
Ton 25 50 100 
Η 50% 66% 80% 
V 80 120 160 
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TABLE 3 Matrix showing the set of EDM   Parameters of HSS and its Responses 
2.2 Design Factors Selected 
 There are a huge number of factors to 
consider within the EDM process but, the 
following five important parameters, which 
are most widely employed by the EDM 
researchers and machinists to control the 
machining process, were selected: the level of 
the generator intensity i.e., current (I), duty 
factor (η), voltage (V), Pulse-on time (td) and 
Pulse-off time (to)  
 The design finally chosen was a 24 
full factorial one with twelve central points. 
This design has a great resolution ‘V’, which 
means that no main effect or two-factor 
intercolidal in this model is analyzed with any 
other main effect or two-factor interaction. 
The addition of twelve central point’s allows 
us to carry out lack-of-fit tests for the first 
order models proposed, where a total of 16 
experiments for these first-order designs were 
made. The low and high values selected for 
current, Pulse on, duty cycle, voltage were: 8, 12, and 16 and 25,50,100 and 50%,65%, 80% and 80,120 and 160 and 
respectively. A summary of the levels selected for the factors to be studied is shown in Table 1for  has and Table 2 
for  En41b. 
 TABLE 2  Matrix Showing the set of EDM   Parameters En41b of its Responses 
2.3 One variable At a Time (OVAT) 
Initial parametric studies of MRR and Ra 
have been made by considering one 
variable at a time. By keeping all other 
entities at fixed average values (values 
shown in Table 1), one variable at a time 
was varied and its effect on MRR and Ra 
observed values. Experiments were 
conducted for five different values of the 
variable. Although the OVAT analysis 
does not give a clear idea of the 
phenomena over the entire range of the 
input parameters, it can highlight some 
of the important characteristics. This 
may be helpful in reducing the number 
matrix showing OVAT process 
parameters for evaluating the models for 
different metals 
 To carry out the hardness 
measurements on the work pieces, the 
surface of the EDM area was machined 
by surface grinding. And the hardness measurements were carried out on ROCKWELL CUM BRINNEL 
Sl.
N
o. 
I 
(Am
ps) 
V 
(Volt
s) 
Ton 
(P s) 
Toff(
P s) 
MRR 
(mg/mi
n) 
TWR 
(mg/m
in) 
Ra 
(P 
m) 
HRB 
Befo
re 
ED
M 
After 
ED
M 
1 4 120 100 50 0.049 0.10 3.74 20 22 
2 8 120 100 50 0.08 0.02 6.08 25 23 
3 12 120 100 50 0.29 0.03 8.24 22 24 
4 16 120 100 50 0.99 0.07 9.16 25 26 
5 6 120 25 12.8 0.35 0.14 4.50 25 24 
6 6 120 50 25 0.29 0.08 4.42 22 25 
7 6 120 100 50 0.14 0.06 5.36 20 25 
8 6 120 200 100 0.09 0.04 5.8 24 24 
9 6 80 100 50 0.1 0.03 5.0 24 24 
10 6 120 100 50 0.16 0.02 4.5 23 24 
11 6 160 100 50 0.16 0.04 5.40 23 24 
Sl.
No. 
I 
(Amp
s) 
V 
(Volts
) 
Ton 
(P s) 
Toff 
(P s) 
MRR 
(mg/
min) 
TWR 
(mg/
min) 
Ra 
(P 
m) 
HRB 
Before 
EDM 
After 
EDM 
1 4 120 100 50 0.11 0.04 3.14 18 20 
2 8 120 100 50 0.46 0.04 6.02 22 27 
3 12 120 100 50 1.6 0.07 6.86 23 26 
4 16 120 100 50 2.32 0.08 8.10 27 28 
5 6 120 25 12.8 0.31 0.06 4.48 15 18 
6 6 120 50 25 0.25 0.05 4.30 19 30 
7 6 120 100 50 0.23 0.04 3.46 25 36 
8 6 120 200 100 0.21 0.08 3.40 21 24 
9 6 80 100 50 0.06 0.08 3.42 16 16 
10 6 120 100 50 0.120 0.05 3.42 22 32 
11 6 160 100 50 0.12 0.07 3.26 20 27 
12 6 120 100 50 0.17 0.06 3.10 25 42 
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HARDNESS testing machine.DOE deduce the graphs, models and tables that are to be illustrated, regression 
modules of the software MINITAB 14  
2.4 THERMAL ANALYSYS:- 
2.4.1 Model Details 
The aim of this effort was to develop a numerical heat transfer model for the EDM process. The Model 
should be able to predict removal of material from the work segments (metal removal efficiency). Real EDM 
machining in need of numerous successive pulses to achieve the requisite final surface. This model, however, has 
been developed to first predict the results of a single pulse, Fig 2 shows a single discharge model in EDM. After 
validating the predictions for a single pulse using results from single-pulse experiments the model will be extended 
to predict the effects of several pulses. 
             Fig 2 shows 3D view of single discharge model, but the variation in θ directions negligible, hence the 
analysis area is the shaded portion in Fig 2, and the same is shown in fig 3  
2.4.2 Initial condition and boundary conditions 
A small cylindrical portion of the work piece around the spark is used as the domain as shown in the figure 
2& 3 Energy transferred to the work piece as heat input serves as the thermal boundary condition on the top surface 
(see Fig. 3-line 1). The heat loss to the coolant (dielectric fluid) on the surface 2 is neglected and it is assumed to be 
insulator convective. Further, the boundaries 4 and 5 are at such distances that there is no heat transfer across them. 
The boundary 3 is an axis of symmetry. Thus the boundary conditions are: 
 
Fig 2 EDM-Single discharge model                                                                              Fig 3 Thermal analysis area 
At r=0,   0 w
w
r
T
 
At r<=rsp, -
k
q
z
T  w
w
 
At r>rsp 0 w
w
z
T
, 
2.4.3 Heat Input 
Primary means of material removal in EDM is through melting and vaporization at the work Piece surface. 
This happens as a result of the heat flux that is applied on the work piece by the plasma discharge. Thus, to 
1555 M. Dastagiri and A. Hemantha Kumar /  Procedia Engineering  97 ( 2014 )  1551 – 1564 
numerically model the process, it is imperative that the thermal model be at the centre of such an effort. The average 
heat input to the anode (work) in EDM machining is given by Q=FVI 
2.4.4 Energy Partition Due to EDM 
 The other important constraint required for computational analysis of EDM is the percentage of supplied 
input heat distributed between cathode, anode, and dielectric. The material properties of individual electrodes 
determine the fraction of input heat going into the electrodes. Theoretically, steel anode gets lower share of the input 
heat than copper due to its lower thermal diffusivity. DiBitonto et al and Patel et al [2] have assumed that a constant 
fraction of total power is transferred to the electrodes. They have used the value of F as 0.08 for their theoretical 
work. Shankar et al. have measured that about 40–45% of heat input is absorbed by the workpiece. But they have 
measured this value using water as dielectric. No complete method has so far been proposed to measure the value of 
F during EDM process. In this work, F is taken as 0.08.and heat flux is given by, 
 
  
 According to Erden [5] the dielectric and electrode materials influence discharge channel. This is extremely 
difficult to prove due to very short pulse duration. The Eq. 3.3 obtained by Erden, can be used to measure the radius 
in EDM process, and is discharge power and time dependent. 
R (t) =KQ m t n       …………..     3.3) 
Where Q is discharge power and m, n and K are the observed constants. However, some authors used Eq. 
(4) to calculate the plasma radius, which is only time dependent. The empirical constants n and K are equal to 0.75 
and 0.788, respectively. 
R (t) =K t n 
 
Pandey and Jilani [3] have recommended the Eq. 7.5 to measure the discharge radius in the EDM process 
 
 Ikai and Hashiguchi [6] proved that the discharge radius is nearer  to the current intensity and pulse 
duration as in Erden’s Eq. But for this model, discharge radius was choose based on the work of Ikai and Hashiguchi 
among all the possibilities exposed. This is called the equivalent heat input radius I, which substitutes the radius 
changing of the heat supply. The corresponding heat input radius, which is dependent of the current intensity (I) and 
pulse duration (t), is thereby: 
 
44.043.0 )()(04.2)( tItrsp u  
 This is a virtual radius that is used as the equivalent heat input radius. The importance of this consideration 
to the present research is to get a ‘static’ thermal model where a constant radius is used, different for each input 
current intensity case. The following figures 5, 6 show the growth of the spark radius with pulse time and discharge 
power 
 
 
 
 
 
 
 
 
 
 
 
Fig 4 Electrical Power Distribution in the Spark Gap 
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Fig 5 Plasma channel growth with pulse duration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6 Plasma channel growth with pulse duration 
  
 TABLE 4 Test conditions for Materials  
Current(A) Pulse on(μs) 
Heat flux 
(kw/kg°k) 
Spark radius 
(micro meters) 
material 
Temp 
mini (°k) 
Temp 
max (°k) 
4 100 15.50e9 28.08e-6 
Ss 
ene41b 
303 
303 
15418 
13474 
8 100 17.07e9 37.84e-6 
Ss 
ene41b 
303 
303 
12844 
10944 
12 100 18.07e9 45.04e9 
Ss 
ene41b 
303 
303 
 
16635 
18613 
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td DG 4 
The solution has been obtained using FEM based ANSYS software which is basically seeks solution at discrete 
special regions called elements by assuming that the governing differential equation apply to the continuum within 
each element. The location of the spark is associated to the surface roughness of electrode and work piece, and its 
diameter is calculated by pulse duration, discharge current also by the discharge power.  
 
 In this work, different a spark diameter of 40μm to 100μm was used. The heat affected zone for each spark 
would be bigger than the spark diameter, and therefore a cylindrical region three times as big as the spark diameter 
was introduced for analysis the boundary conditions were assigned. The location of the boundary on which adiabatic 
environment can be assumed, should be far enough from the spark and is calculated by calculating the thermal 
penetration depth as follows. 
 
 
 
Therefore for a discharge time of 100 μ s, the thermal penetration depth would be ~035 μ m. In this work, 
the distance from the center of the spark to the adiabatic boundary was assigned to be 100 μ m that is three times as 
big as the spark radius and even longer than the penetration depth. Therefore, the boundary location is considered to 
be far enough from the center for the adiabatic condition to be applied. A domain of 100X100 μm was created, and 
it was descritized with elemental length of 2μm as shown in the following figure 7 
 
The typical value of the discharge heat flux used for calculation corresponds to the peak current of 10A and 
74 V, which is one of the several conditions, tested in the electrical discharge machining experiment. This is 
equivalent to the discharge flux of 17.648165724x109 supplied through a circular area with radius of 26.52μm. Then 
the require boundary conditions were applied. The descretization of domain and application of boundary conditions 
ibution inside the work piece has been calculated 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 7 Finite element mesh selected for the computation              
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 Fig 8 Boundary conditions on the domain 
 The research going on today aims at a more application oriented field rather than searching for a unified 
EDM model. Today the EDM market is growing owing to increasing popularity of EDM in the manufacturing 
market and secondly due to the indirect influence of fundamental and applied EDM Research& Development, 
carried out at various academic and industrial research labs. 
 This dissertation involves experimental investigations of the influence of four important process 
parameters; Voltage (V), Current (I), Duty factor (η) and pulse on which are the most relevant parameters to be 
controlled by the EDM machinists, over Material removal rate (MRR), Tool wear rate (TWR), Average surface 
roughness (Ra), Hardness (HRB). 
 The work piece material chosen was Stainless steel, which is having a wide range of applications in general 
industry. All aluminium alloys are having good corrosion resistance, better thermal and electrical conductivity, and 
high strength to weight ration, good machinable and wieldable properties. And the tool material is pure copper of 
electrolytic grade. 
 
2.5 Work Piece Material 
Samples are of size 20*20*6 mm3and the properties are given below 
EN41b Material properties     : 
Density(kg/m3)                           :       7850 
Melting Point(0k)                        :      1795 
Specific Heat(KJ/Kg0k)              :      430 
Thermal conductivity(KW/m-0k): 
                                                           K=9.2*10-2-5.86*10-5T     T<1050K 
 
                                                              =30.5*10-3 T>1050K 
 The samples are in annealed condition and having Ra of 2μm on the surface to be machined. 
 
2.6 Electrode Material 
The EDM machines normally the materials used for electrodes are different types of copper, graphite, tungsten, 
brass and silver. Cu is one of the most suitable material with excellent electrical and thermal conductivity, and one 
of the major commercial materials. The electrode is having a cross section of 10X10 mm2 and the properties are 
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given below. 
Composition Density (gm/c.m3) Melting point 
Thermal 
resistivity 
Hardness 
99.9% copper 8.904 1083o C 9P:cm HB 100 
 
2.7Dielectric Fluid 
 The two most frequently used fluids are petroleum based hydrocarbon mineral oils and de-ionized water. 
The oils should have a high density and a high viscosity. These oils have the proper effects of concentrating the 
discharge channel and discharge energy but they might have a difficulty in flushing the discharge products. 
              For most EDM operations kerosene is the regular dielectric used with certain additives that prevent gas 
bubbles and de-odoring. Dielectric fluid used in this study is RUSTLICK EDM 30For most EDM operations 
kerosene is the common dielectric used with certain additives that prevent gas bubbles and de-odoring. Dielectric 
fluid used in this study is RUSTLICK EDM 30It is observed that copper with positive polarity gives good 
machining stability when machining Fe according to the bibliography in the EDM field. High material removal rate, 
low electrode wear rate, required peak distribution and good surface finish are conflicting goals, which cannot be 
achieved simultaneously with a particular combination of control settings. Hence the aim of this work was to study 
the influence of parameters over the responses, and formulate mathematical relations between the parameters and 
responses, which will help in selecting a better choice of settings. 
The study of the behaviour of the previously mentioned parameters has been done by means of the 
technique of Design of Experiments [11], which allows us to carry out the previous analysis performing a relatively 
small number of experiments. In this case, 24 full factorial designs have been selected due to the no. of factors 
considered in this study. Experiments were carried out on Charmillies Technologies Roboform 54 EDM Die sinking 
machine. 
3. RESULTS AND DISCUSSIONS 
A first order model is deduced for the response variable MRR, where these are rejected as a result of the values 
obtained in curvature test shown in table 5. 
TABLE 5: Analysis of variance TABLE 6: The ANOVA table for the second-order model proposed 
 
  
 
 
 
 
 
 
 
TABLE 6: The ANOVA table for the second-order model proposed 
ANOVA table for the Curvature test of the first-order model of MRR 
Source of Variation Sum of Squares 
Degrees of 
Freedom 
Mean 
Square 
F-ratio P-Value 
Regression 0.44265 4 0.11066 2.67 0.223 
Pure Error 0.12424 3 0.04141   
Total Error 0.56689 7    
 
Predictor Coef SE Coef T P VIF 
Constant 1.000 2.827 0.35 0.747  
Current 0.3219 0.1185 2.72 0.073 1.000 
Voltage -0.00144 0.01185 -0.12 0.911 1.000 
pulse on 0.01913 0.01264 1.51 0.227 1.000 
Duty 
factor 
-0.917 3.160 -0.29 0.791 1.000 
1560   M. Dastagiri and A. Hemantha Kumar /  Procedia Engineering  97 ( 2014 )  1551 – 1564 
0.500.250.00-0.25-0.50
99
90
50
10
1
Residual
Pe
rc
en
t
0.600.450.300.150.00
0.4
0.2
0.0
-0.2
Fitted Value
Re
sid
ua
l
0.30.20.10.0-0.1-0.2
4
3
2
1
0
Residual
Fr
eq
ue
nc
y
121110987654321
0.4
0.2
0.0
-0.2
Observation Order
Re
sid
ua
l
Normal Probability Plot Versus Fits
Histogram Versus Order
Residual Plots for MRR
The P-value, which is obtained here is 0.031, is lesser than 0.05. Hence, it is accepted that there is statistical 
evidence of curvature in the first-order model, for a confidence level of 95% and then the second order model is 
selected. 
TABLE 7: The ANOVA table for the second-order model proposed 
Predictor Coef SE Coef T P VIF 
Constant 0.0517 0.4290 0.12 0.912  
Current 0.05094 0.01799 2.83 0.066 1.000 
Voltage -0.002219 0.001799 -1.23 0.305 1.000 
pulse on 0.002033 0.001919 1.06 0.367 1.000 
Duty factor -0.0750 0.4797 -0.16 0.886 1.000 
Table 6 shows the ANOVA table for the second-order model proposed, where now, the total number of degrees of 
freedom is equal to 27, because of the 28 experiments this model consists of. As can be observed in this table, there 
are four effects with a       P-value lower than 0.05l, which means that they are highly important sources for a 
confidence level of 95%. The model has been developed using only significant parameters. On the other hand, the 
values obtained for the R2statistics and the adj. R2-statistics for the degrees of freedom are 98.3% and 95.4% 
respectively. Regression Analysis: Ra versus current, voltage, pulse on, Duty factor. The regression equation is 
Ra = 1.00 + 0.322 current - 0.0014 voltage + 0.0191 pulse on - 0.92 Duty factor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 Main effects plot for MRR 
 
 
 
 
 
 
 
 
 
 
Fig. 10 Residuals versus the Fitted Values for MRR 
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Fig. 9 shows the main effects plot for MRR.As can be observed in this figure, the most influential factor is current. 
The MRR greatly increased when the current is increased from 8 to 16 amps.Regarding open circuit voltage, the 
MRR is increased when the voltage is increased from 80 to 120 volts and next the MRR decreased from 120 to 160 
volts. 
The Fig.10 shows Residuals Versus the Order of the Data for MRR, the residuals are formed in the cyclic manner. 
Most of the residuals are lie very nearer to the residual mean line. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 11 Surface plot of MRR Vs Duty factor Vs Pulse on  Fig. 12 Difference between Experimental and Predicted of MRR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.13 Residual Vs order of data for Ra     
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Fig. 14 Comparison between experimental and fitted values of Ra 
 
The above surface plot shows the Duty factor increases MRR increases the pulse on time increases slightly 
increases MRR. 
As shown in the, both the curves are following the same trends. It shows the percentage of residual between 
the experimental MRR and predicted MRR are very close. As shown in the fig12, Ra is increased continuously from 
3.6μm to 5.1μm with increase in current from 8amps to 12 amps. 
Residuals Vs Fitted value for Ra As shown in above fig, most of the residuals are spread up to 6.0 fitted 
values. Majority of residuals are very close to zero line except some points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 Surface Plot of surface Roughness Vs Pulse on time Vs Current duration 100 μs with peak current of 12A 
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Fig 16 Temperature distribution for HSS at the end of pulse 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig 17 Influence of Pulse Duration on 100 μs with peak current of 12A Crater Depth 
3.1 Temperature Distribution and Shape of Crater for En41b 
 Temperature distribution at early stage of pulse duration for En41b.It is seen that a hot spot is produced at 
the surface with a temperature as high as 4083K at which melting and vaporization of the work piece can occur. 
This means that the work piece will start to melt and vaporize at the very early stage of discharge. 
 From the Figs 16, it is clear that the shapes of isotherms at the melting point of the work material is a part 
of sphere but it is not a quarter sphere this is because the rate of heat transfer is more in the radial direction than the 
axial direction. From the computational results, the temperatures at each node along the radial and axial directions 
were obtain which are shown in Fig 16 and it is note that the temperature gradient along the radial direction  is very 
less but along axial direction, it is comparatively more. So that from the above discussion it can be concluded that 
during the EDM, for HSS material, the shape of the crater after total pulse duration for the single discharge is a 
hemispherical shape. Experimental values (table 8 & 9) obtained as per calculations is mentioned in below tables for 
1564   M. Dastagiri and A. Hemantha Kumar /  Procedia Engineering  97 ( 2014 )  1551 – 1564 
SS and En41b respectively. 
 
Table:8 
Peak 
Current (A) 
Toff 
(μs) 
T on 
(μs) 
Spark Radius 
(μm) 
Actual heat 
(W/m2) 
Experimental 
(mg/min) 
Theoretical 
(mg/min) 
12 25 100 45.04 18.07e9 3.625e-2 3.78e-6 
Table:9 
Peak 
Current 
(A) 
Toff 
(μs) 
T on 
(μs) 
Spark 
radius 
(μm) 
Actual heat 
(W/m2) 
Experimental 
(mm3/min) 
Theoretical 
(mm3/min) 
12 25 100 1.60 18.07e9 2.04e-1 3.10e-5 
3.2 Effect of Pulse Duration on Crater in EDM for En41b, SS: 
 The figure 18 shows the variation of crater depth and crater radius with pulse duration. From the graphical 
figure, it can be concluded that as pulse duration increases both crater depth and radius will creases but for the 
longer discharges, the depth of crater decreasing with the pulse duration. This is because as the pulse on time 
increases, radius of spark will increases since it is function of discharge time. If the radius of spark increases, the 
amount of heat flux decreases. Hence it is concluded that as pulse duration increases, MRR will increases and then 
decreases. This effect is satisfied with experimental results. 
 
4. CONCLUSIONS 
x As the peak current, discharge power increases, the highest temperature reached on the work is also 
increases during the EDM, hence more MRR achieved. 
x There is a much influence with the pulse duration onthe crater depth and radius. Depth of crater increases 
with pulse duration but for longer pulse on times it starts decrease, whereas the radius of crater increase due 
to increase in spark radius with pulse duration. 
x MRR is more at the 50% duty factor irrespective of the other conditions. 
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